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 A := B; B =: A : ?B????A?????
 f(x; t)? x; t???????????? fx(x; t) := @f(x; t)
@x




 x% a : x????????? a???????????
 x& a : x???????? a???????????
 R : ?????? ( 1;1)??????
 R+ : ???????? 0??????? [0;1)?????
 R R+: x 2 R; t 2 R+ ? (x; t)????.
 ; : ???





















 ??? :??A??? S????????????A???????????? S???
??????????????????S = fx j x 2 ( 1 : 1); x 6= 0g?A = fx j x =  1g?
B = fx j x = 0g?C = fx j x = 1g?????A,B,C??? S????????
 ??:??? S??? S????S??????????????????????S =
fx j x 2 [ 1 : 1]g?????
? : S = fx jf(x) 6= 0g?????f ?????S????????? supp f ????
 Ck0 (I) : f 2 Ck0 (I)?????f ??? I ?????? k?????????????
suppf ? I?????????????????????????? '(x; t) 2 C10(R R)
???? x = 1? t =1? 0???????? 1?????????????'(x; t)?
???????????????
 C1(I) : f 2 C1(I)?????f ??? I????????????







 ?????????? : ?? (a; b)?????????? 2???????? f(x)??
???f(x)????????? x = c??????????????

















LQCD = Lchiral + Lmass : (2.1)
Lchiral??














 fc  fc (Nc : color??Nf : avor?)
/D := D




















F a := @A
a
   @Aa + gfabcAbAc
(2.3)
???? ???? (Nc2   1)Nf =: N ????N ??? avor????? Lmass??


















(1 5)=2?N N ?????????? (1 5)=2????????????????
 =  R +  L (2.6)
???????  R?  L? 8>><>>:
 R =  
1  5
2




































???????????????????????????? ta? SU(Nf )? generator?
?????????????????????????????????????????
??????????????
??QCD?Lchiral? ???  i /D ?????Lmass =  m   ???????????
?????????????
 i /D = (  R +  L)i /D( R +  L)
=  Ri /D R +  Li /D L +  Li /D R +  Ri /D L
(2.10)
??????????????????????????????????????














???????? f5; g = 0????? (5)2 = 1?????????????? 0??
??????Lchiral????????????????????
??????
Lmass =    m 











LNJL =  i/@ + G
2N
[(   )2 + (  i5 )2] (2.13)
????????????????massless?????[(   )2 + (  i5 )2]? 4-fermi??
????????G? coupling constant ?N ? avor?????
??????????????????????????UR(1)  UL(1)??????
?UV(1) UA(1)????????????????????UV(1)?UA(1)?????8>>>>><>>>>>:
UV(1) (vector rotation) :  =) exp(i) 
UA(1) (axial rotation) :  =) exp(i5) 
UV(1) (vector rotation) :  =)  exp( i)
UA(1) (axial rotation) :  =)  (cos  + i5 sin )
(2.14)
????(L; R)?????????? [; ]????????????????
?? (L; R) = (; ) := (L1; R1)??????????????
 =  L +  R =) exp(i) L + exp(i) R




?? (L; R) = ( ?) := (L2; R2)??????????????
 =  L +  R =) exp( i) L + exp(i) R
= (cos  + i5 sin ) 
= exp(i5) 
(2.16)
??? axial rotation????????(L1; R1)? (L2; R2)?????????????
????(L1 + L2; R1 + R2) = (   ;  + )???????????????????
??? ? ??????????????????????????????? vector





???????????????????????????axial rotation?  0?(  i5)0?
??? 8>><>>:
 0 = (cos ) + i5(sin ) 
 0 = (cos )  + i5(sin )  
(  i5)
0 = (  i5)(cos  + i5 sin )
(2.17)
???  
(   )0




cos 2 sin 2







(   )02+(  i5 )02 = ((cos 2)2+(sin 2)2)[(   )2+(  i5 )2] = (   )2+(  i5 )2 (2.19)







D D  exp[ 
Z
d4x(LNJL  m0   )] (2.20)
????????????????????????????










d4x  (x) (x) im0 =
Z
d4xh  (0) (0)im0
= 







????h   im0 ?????????????????????h   im0 ? x??????
???????????????W (m0)? Legendre??????? Legendre????
 ()??????














































h[iQ5;  (x)i5 (x)]im0=0 = h
Z
d3y i[j5=0(y);  (x)i5 (x)]im0=0 =  2h  (x) (x)im0=0
(2.31)





















R D????? ???????? <??????? <??
????? (
<(p) = (  + jpj) (p)
<(p) = (  jpj) (p)
(3.2)




D< D< exp( S[< + <; 0])
=:
Z
D< exp( Se [<; ])
(3.3)
??????? Se [<; ]?Wilsonian??????????????????????







??!   ??????????? Se ?????
Se := Se [; ]  Se [;   ] (3.4)
???????? (3.1)????(
l(p) := (    jpj) (p)
s(p) := f(  jpj)  (    jpj)g(p) = (  jpj)(p)  l(p)
(3.5)
????s(p)?????????????????
exp( Se [l;   ]) =
Z
Ds exp( Se [l + s; ])































































































 i/@   V (   ) (3.12)
?????????????????????????? V (); V (   )?Wilsonian??
????????????? x :=   ; Mx(x; t) := V (x; t)?? (Vx; Vt????? x; t??
????????)?? (3.12)????????????Wegner-Houghton??????
???
Vt(x; t) + f(M; t) = 0 (3.13)
???????????????????Hamilton-Jacobi??????????????
?? 6????????????? x???????
Mt(x; t) + ff(M; t)gx = 0 (3.14)
?????????????????????????????? 5???????
4???????0?4???????????? 0??NJL???????????
f(M; t) = f 4D0(M; t) :=  exp( 4t)
42
lnf1 + exp(2t)M2g (3.15)
????p0?????? 1 ! 1???(p1; p2; p3)????????? 0?????3
????????????????NJL?????????






e 2t +M2   2pe 2t +M2 +    e 2t  M2 + 2i
(3.16)
??????? ?????????????0?????????? f 4D0(M; t)???
??????????? f 3D(M; t)????????????NJL??????? g :=
16
G0
2=42?????????????????V (x; 0) = 22gx2+m0x;M(x; 0) = 42gx+
m0?????NJL????Legendre???????????????   ?  i5 ???
??????????????????  i5 ? 0???????????????
????????????????????????????????????????
??????????????????Mx???? t????????????????





???????? V (x; 0) = 22gx2 +m0x?Wegner-Houghton?????? V (x; t;m0)
?????Wilsonian?????????????
V (0;1;m0) = w(m0) =: w(m0;1) (3.17)
????????
w(m0; t) := V (0; t;m0) (3.18)
??????
m0?????????????? w(m0; t)????????????????? Leg-
endre???????Legendre-Fenchel?????
VL('; t) := sup
m0
[ w(m0; t) +m0'] (3.19)
???? VL('; t)?????????w(m0; t)?????????VL('; t)? Legendre?
?????????????????????? Legendre????????? t!1?
??












F (x; t;M;Mx;Mt) = 0 (4.1)





a(x; t;M)Mx + b(x; t;M)Mt = c(x; t;M) (4.2)
????????????a; b??x; t?M??????????????????????
??????? a; b??x; t???????????????????????semilinear
PDE?????
a(x; t)Mx + b(x; t)Mt = c(x; t;M) (4.3)
?????
???????????????????F ?M(x; t)?????????Mx,Mt,M ?
???????? x; t???????????????????linear PDE??????
???
a(x; t)Mx + b(x; t)Mt + c(x; t)M = d(x; t) (4.4)
18









a(x; t;M)Mx + b(x; t;M)Mt = c(x; t;M) (4.5)
???????????????????????????????????





1CA = 0 (4.6)
????????????????????????????????? (x; t;M(x; t))?







1CA = 0 (4.8)
??????(Mx Mt   1)T ?? (x; t;M(x; t))?????????????????
??????????????? (4.6 )?????? (a b c)T ??(dx dt dM)T??
































p := Mx; q := Mt????????????????????????????????
F (x; t;M; p; q) = 0 (4.11)
M ??????
dM = pdx+ qdt, (dx dt dM)
0B@ pq
 1
1CA = 0 (4.12)
????(p q   1)T ??? (x; t;M)?????????M(x; t)??????????
??? (x; t;M)?????????? (; ; )?????
(p q   1)
0B@ x  t  
M   
1CA = 0 (4.13)
20
??????(x; t;M)????????? (4.13)??????? p! p + dp??????
????? q ! q + dqA????????
(p+ dp q + dqA   1)
0B@ x  t  
M   









???(x; t;M)????????? (4.11)??????? p! p+ dp????????
??? q ! q + dqB???????
















(p q   1)
0B@ FpFq
pFp + qFq
1CA = 0 (4.18)
?? (4.13)???(x   t   M   )T ? (Fp Fq pFp+ qFq)T ???????????
??? (x; t)???????????????(x   t  )T ? (Fp Fq)T ???????





































= pFp + qFq
(4.22)
????????????????????p; q?????????????????


















= qxFp + qtFq
(4.23)









































































?????? (4.23), (4.24), (4.25)???????8>><>>:
dp(x(s); t(s))
ds
=  (Fx + pFM)
dq(x(s); t(s))
ds













= pFp + qFq
dp(s)
ds
=  (Fx + pFM)
dq(s)
ds
=  (Ft + qFM)
(4.28)
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=  (Fxi + piFM) (i = 1;    ; n)
dq(s)
ds

















Mt(x; t) + ff(M; t)gx = 0 (5.1)















r   = 0 (5.3)
?????????????Mx;Mt??????????????????? (5.3)?














????M(s) := M(x(s); t(s))??t = s?????? x(0) = x0?M0(x0) = 42gx0???
??????????? 8><>:






??????? x0? 1??1???????????????????? t = 0??
t =1??????(x; t; z)?????????? z =M(x; t)???????
? 5.1?? 5.2? 0??NJL???g = 1:005g3D0c ; g3D0c := 1:0?????? 30?????
???? 360???? 12???????????? 5.3?? 5.4??????????NJL
???g = 1:7g4Dc ; g4Dc := 0:5?????????????????????(x; t)???
??????M(x; t)???? t = tc???????????????????????
?? (x; t)??????????????????????????????M(x; t)? t?
?????????????
? 5.5? (a)?(b)? 0???????? 5.6? (a)?(b)????????????? (a)
???????M ????????????????????????????????
????? (x; t)? 1?????M(x; t)??????? (b)?????????????
????????
?????? 1????????????????????????????????



























































































































































































































































































































































































? 5.6: g = 1:7gc;  = 0:7. (a) ????. (b) ????? t??.
30
5.2 ??
??????????'(x; t) 2 C10(RR+)??????????'(x; t) 2 C10 (RR+)
???????????????????????????????????'(1; t) =

































dx [M't + f(M; t)'x] +
Z 1
 1
dx M(x; 0)'(x; 0) = 0 (5.8)
????????????????????? (5.1)?????????????????
????? '(x; t) 2 C10(R R+)??????????????M(x; t)??Schwartz?
??? (distributions)???????? (5.1)???????? [8, 9]?? (5.8)???'?
????????????????????????????????M(x; t)????






?? (x,t)????? 5.7???????Q R  (0;1)????M(x; t)??????
????C????Q???????Q??????C???????QL??????
?QR????????????? C??????QL??QR?????? (5.1)???
?????????????? '(x; t) 2 C10(Q)??????














dx [M't + f(M; t)'x] +
Z 1
 1








dt dx [M't + f(M; t)'x] +
Z Z
QR








dt dx [fM'gt + ff(M; t)'gx] 
Z Z
QL






















[ D(t)  ]
M := M(D(t); t)
(5.13)
32




dt dx r    =
Z
@QL
dl     =
Z
C
dl     =
Z
C








????C???????????? := (1(l) 2(l))T???? @QL???? 1 > 0?
????????????? l?????????? (5.14)?????????? (5.9)?
???????Z Z
QL
dt dx [M't + f(M; t)'x] =
Z
C
dl [1f(M ; t) + 2M ]' (5.15)
???????? (5.10)?????Z Z
QR
dt dx [M't + f(M; t)'x] =  
Z
C


































1' = 0 (5.19)
?????1 6= 0???? dD(t)dt ?????????????'(x; t)?????????
f(M ; t)  f(M+; t)  dD(t)
dt





f(M+; t)  f(M ; t)
M+  M  (5.21)


















?????M(x; t+dt)?D(t+dt)????????RH?? (5.21 )???? dt(M+ M )
?????
dD(t)(M+  M ) = dt(f(M+; t)  f(M ; t)) (5.22)





























? t???? t + dt???????????????????????????????

















???????????????????? t = tc????? 0????????? 0



















































































???? Legendre????????? t = 0:01 ! 10??? t????????? 5.15?
? 5.16??????t = 10??????????????? t????????????
t =1???????????????(1)?? (6)??????????????????
(1) t = 0:01: ??????????????????????????
(2) t = 0:4: ????????????????????





(4) t = 0:6: ???????????????????????????????????
???Legendre?????????????????????????????????
????????????????????????????
(5) t = 0:717: ?????????????????? shock?????????????
??????????????????



























































































? 5.15: NJL??????? t????? (g = 1:7gc,  = 0:7, t = 0:01, 0:4, 0:5).
























































































? 5.16: NJL??????? t????? (g = 1:7gc,  = 0:7, t = 0:6, 0:717, 1).





?? 0???????????????????? V (x; 0) = 22gx2 +m0x; M(x; 0) =
42gx+m0; m0 = 0:01??????????????????????????M(0; t;m0)
???m0  ! 0????????????????????M(0; t)??????
?????? 5.17(a)????????m0 = 0:01??????m0 ! 0???????
???? 5.13??????????0???????????????????????
????????????????????????????????????????
????????????M(x; t)??? x = 0???????????????????
??????????????? x?????????????? x = 0???????
???????????????????????? x??????m0 ! 0?????
?????????????????









































































































































































































? 5.18: NJL??????? t????? (m0 = 0:01, g = 1:7gc,  = 0:7, t = 0:6, 0:717,









Vt(x; t) + f(M; t) = 0 (6.1)
?????????????????????? Hamilton-Jacobi??????????
?????????????x????t????V ????M = Vx?????f(M; t)?
???????????
???????????????????????????????????8>>><>>>:
S(x; t) :=  V (x; t)
p := Sx =  Vx =  M









































St(x; t) +H(x; Sx; t) = 0 (6.6)
???Hamilton-Jacobi?????????????????????? S(x; t)? x??
?????????????????????Hamilton-Jacobi????????????
???????  > 0???????Hamilton-Jacobi????
St (x; t) +H(x; S

x; t)  Sxx(x; t) = 0 (6.7)
44
???????? S(x; t)????
??????????????????????S(x; t)   '(x; t)?? (xM; tM)???

































M)  'xx(xM; tM)  0
,  Sxx(xM; tM)   'xx(xM; tM)
(6.10)
??????? (6.9)?? (6.10)???? (6.7)?
























?????S(x; t)  '(x; t)? (xM; tM)????????
S(xM; tM)  '(xM; tM)  S(x; t)  '(x; t) ( (xM; tM) 6= (x; t) ) (6.13)
?????(6.11)? & 0???????
't(xM; tM) +H(xM; 'x(xM; tM); tM)  0 (6.14)
???????? (xM; tM)?? (6.13)????????????'(x; t) 2 C1(R (0;1))
?? (6.14)?????? S(x; t)?Hamilton-Jacobi??? (6.6)???????????
????????????? \??"? \??"???????????S(x; t)   (x; t)
?? (xm; tm)????????????????? (x; t) 2 C1(R  (0;1))?????
????????? (xm; tm)??
S(xm; tm)  (xm; tm)  S(x; t)  (x; t) ( (xm; tm) 6= (x; t) ) (6.15)
45
???????? (xm; tm)????????? (x; t) 2 C1(R (0;1))?
t(xm; tm) +H(xm; x(xm; tm); tm)  0 (6.16)
???????S(s; t)?Hamilton-Jacobi??? (6.6)???????????





?? S(x; t)  '(x; t)? (x; t)????????
't(x; t) +H(x; 'x(x; t); t)  0




?? S(x; t)  '(x; t)? (x; t)????????
t(x;t) +H(x; x(x; t); t)  0
?????????(x; t) 2 C1(R (0;1))?????????
(6.18)
?? (i)? (ii)??????S(x; t)?Hamilton-Jacobi?????????????????












?? S(x; t)  '(x; t)? (x; t)????????
F

x; t; S(x; t); 'x(x; t); 't(x; t)

 0




?? S(x; t)  '(x; t)? (x; t)????????
F

x; t; S(x; t); x(x; t); 't(x; t)

 0
?????????(x; t) 2 C1(R (0;1)) ?????????
(6.21)
(i)? (ii)?????? S(x; t)??????? (6.19)???????????
???????????????????????????????????????
????????????????B.1??????????????????????

















(0 < s < t) (6.22)
47
?????????????????? x(t)???
































ds L(x(s); _x(s); s) + S0(x(0))

(6.27)
??????????????????????? S(x; 0) = S0(x)?Hamilton-Jacobi?
??
St(x; t) +H(x; Sx; t) = 0 (6.28)
???????????????????B.3?????????????
H(x; p; t) := sup
v
[vp  L(x; v; t)] (6.29)














L(x(s); _x(s); s) ds+ S
 
x(t s); t s ( 0 < s  t ) (6.30)
?????? t??????? t s???????????????????????
? x(t  s)? _x()??????????????????? S(x; 0)?????????
??????????????????????????
???????????????????????????? (x; s)????????
???x; s???????????? nx; nt??????0  s  t s????????
????????????? (x; t)????????????????????????
????s = t s? nx??????? i? xi(t )??????????????


















?????????? s = 0???????????????????????????





S(x; t) =  V (x; t)
p =  M
H(x; p; t) =  f(M; t)
(6.32)
?????????????????????






e 2t + p2   2pe 2t +M2 +    e 2t   p2 + 2i (6.33)
????????????
L(x; _x; t) = sup
p
[ _xp H(x; p; t)] (6.34)
49
??















2   e 2t )
_x
p
2   e 2t   e
 3t
2




2   e 2t )
  _x
p
2   e 2t   e
 3t
2




2   e 2t < _x < 0 )
(6.35)






















nx =  200,nt =100 
nx =  400,nt =100 
nx =  800,nt =100 
nx =1600,nt =100 
nx =3200,nt =100 



















nx =  200,nt =100 
nx =  400,nt =100 
nx =  800,nt =100 
nx =1600,nt =100 
nx =3200,nt =100 




















nx =  200,nt =100 
nx =  400,nt =100 
nx =  800,nt =100 
nx =1600,nt =100 
nx =3200,nt =100 
nx =6400,nt =100 
nx=12800,nt=100 
nx=25600,nt=100 











































aMxx + bMxt + cMtt = e (A.1)
??????????????????? a; b; c?????e? x; t;M;Mx;Mt?????
???????? u :=Mx; v :=Mt???????????
ut   vx = 0 (A.2)
???????? (A.1)??
aux + but + cvt = e (A.3)
??????????????????????
D1  ru+ d1  rv = 0; (A.4)































????????? (A.4)??? c1(6= 0)???? (A.5)??? c2(6= 0)????????
?????
(c1D1 + c2D2)  ru+ (c1d1 + c2d2)  rv = c2e (A.7)
????c1D1 + c2D2 ? c1d1 + c2d2???????????????R?????
R(c1D1 + c2D2) = c1d1 + c2d2; (A.8)
?????? (A.7)????????????????
(c1D1 + c2D2)  r(u+Rv) = c2e (A.9)
????(c1D1 + c2D2)  r = dds ??????????? s???????
d
ds























b2   4ac > 0 :??? (hyperbolic)
b2   4ac = 0 :??? (parabolic)




Mt + ff(M; t)gx = Mxx: (A.15)
?????????????(
a = ; b = c = 0; e =Mt + ff(M; t)gx;






























= avx (= aut)
(A.18)











dx [ Mt(x; t) + ff(M; t)gx] = 0 (A.19)
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?????????????????? (5.6)?????????????? x; t????
??????????????????Z x2
x1
dx[M(x; t2) M(x; t1)] +
Z t2
t1
dt[f(M(x2; t); t)  f(M(x1; t); t)] = 0 (A.20)





??A : (x; t) 2 [x1; x2] [t1; t2]
??B : (x; t) 2 [x1   ; x2 + ] [t1   ; t2 + ] ( > 0)
??C : BnA
(A.21)
????? '(x; t) 2 C10(B)?
'(x; t) =
8>><>>:
1 (x; t) 2 A
0 (x; t) =2 B







(t1)  (t2) x 2 [x1; x2]






(x1)  (x2) t 2 [t1; t2]
0 t =2 [t1; t2]
(A.24)





































dx [f(M(x1; t); t)  f(M(x2; t); t)]
(A.26)
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?????? (5.8)????? Z 1
 1









dx [M't + f(M; t)'x] +
Z 1
 1





dx[M(x; t2) M(x; t1)] +
Z t2
t1
dt[f(M(x2; t); t)  f(M(x1; t); t)]
(A.28)
??????? (5.8)?? (A.20)???????
???RH???? (A.20)?????????????????? x1; x2????Z x2
x1
dx [ Mt(x; t) + ff(M; t)gx] = 0 (A.29)
?????????????????? (5.1)???????? (5.6)?? (A.19)????





dx M(x; t) = f(M(x1; t); t)  f(M(x2; t); t) (A.30)
?????????? (5.8)???????M(x; t)????????shock???x = D(t)





































































[M(D+(t); t) M(D (t); t)] +
Z x2
x1
dx Mt(x; t) = f(M(x1; t); t)  f(M(x2; t); t)
(A.34)
??????? x2 & D+(t), x1 % D (t)??????????D(t) = D (t) = D+(t)?
M(D (t); t) 6=M(D (t); t)???????
dD(t)
dt
























0(M) = 0 (A.37)
??????? q(M; t)??? (M); f(M; t)????????????M ??????
??? qM(M; t) := fM(M; t)0(M) ????????????? (A.37)?
t(M) + qM(M; t)Mx = 0 (A.38)
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??????????
t(M) + fq(M; t)gx = 0 (A.39)
????????????????????additional conservation law????????
(M)??????????entropy function??q(M; t)??????????entropy ux??
((M); q(M; t))?????????????entropy pair??????????? (5.1)?
?????????????????????? (M)???????????????
?????????





dx [(M)'t + q(M; t)'x] +
Z 1
 1





q(M+; t)  q(M ; t)
(M+)  (M ) (A.41)
????????D()(t)???????? shock? x???D(t)??????




M t (x; t) + ff(M ; t)gx   M xx(x; t) = 0 (A.43)
????????????????????????????????????????
???????????? 0(M )?????
[M t (x; t) + ff(M ; t)gx   M xx(x; t)] 0(M ) = 0 (A.44)
????????????????
t(M
) + fq(M ; t)gx   xx =  (M x)200(M ) (A.45)
?????????????????????????  > 0; 00(M )  0??
t(M
) + fq(M ; t)gx   xx(M )  0 (A.46)
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?????????????????? & 0???????M ???????????
?????  & 0???????M ??????????????????????





















(M )'t(x; t) + q(M













dx (M (x; 0))'(x; 0)  0
(A.49)
????





dx [(M)'t(x; t) + q(M; t)'x(x; t)] +
Z 1
 1
dx (M(x; 0))'(x; 0)  0 (A.50)
????? (A.44)??? & 0??????????????????????????













1'(x; t)  0 (A.51)
??????1 > 0; '(x; t)  0??
q(M ; t)  q(M+; t)  dD(t)
dt










(M) = [(M   k)2 + 2] 12
0(M) =
M   k
[(M   k)2 + 2] 12
00(M) =
2
[(M   k)2 + 2] 32?  0
(A.53)
?????  0?k 2 R??????????????  & 0????8><>:
lim
&0
(M) = jM   kj
lim
&0





qM(M; t) = sign(M   k)fM(M; t)
lim
&0
q(M; t) = sign(M   k)ff(M; t)  f(k; t)g+ q(k; t)
(A.55)





dx q(k; t)'x(x; t) =
Z 1
0
dt q(k; t)['(1; t)  '( 1; t)] = 0 (A.56)
??????????(M) = [(M   k)2+ 2] 12 ??????????????? (A.50)?










dx jM(x; 0)  kj'(x; 0)  0
(A.57)












dx [(M)'t(x; t) + q(M; t)'x(x; t)]+
Z 1
 1
dx (M(x; 0))'(x; 0) (A.58)
??????
(M) = C(t)?C(t) : M ?????? t??????? qM(M; t) = fM(M; t)0(M) = 0
?? q(M; t) = q(0; t)??????? '(1; t) = '(x;1) = 0??
[] = 0 (A.59)
????
?? qM(M; t) := fM(M; t)0(M)??








du (u)fMM(u; t) (A.60)
????? (A.59)?? q(0; t)????????[]? ?????????????
[a11 + a22] = a1[1] + a2[2] (a1; a2 2 R) (A.61)
??????
?????????Kruzkov??
i(M) := ijM   kij (i 2 N; ki 2 R; ai  0) (A.62)
???????[]????? (M) = jM   kj????? (A.57)??











[i]  0 (A.64)
??????
????????????? PLF(M)????Kruzkov??????
PLF(M) = 0M +  +
NX
i=1
i(M) (0;  2 R) (A.65)
?????????????
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??????0(M) := M ????? (A.50)??
[0] = 0 (A.66)
??????? (A.58)?? (A.64)??



















???????? (A.52)? (M) = jM   kj???????? k 2 R????
sign(M    k)ff(M ; t)  f(k; t)g   sign(M+   k)ff(M+; t)  f(k; t)g
  dD(t)
dt





(1) M  < M+???
(1-1) M  < M+ < k
f(M ; t)  f(M+; t)  dD(t)
dt
fM   M+g  0 (A.71)
(1-2) k < M  < M+
f(M ; t)  f(M+; t)  dD(t)
dt
fM   M+g  0 (A.72)
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(1-1)?(1-2)????????????RH??????
f(M ; t)  f(M+; t)  dD(t)
dt
fM   M+g = 0 (A.73)
(1-3) M  < k < M+
f(M ; t) + f(M+; t)  2f(k; t)  dD(t)
dt










(M+   k)  f(M+; t)  f(k; t)
dD(t)
dt
(M    k)  f(M ; t)  f(k; t)
(A.76)
?????????????????








(2-1) M+ < M  < k
f(M ; t)  f(M+; t)  dD(t)
dt
fM   M+g  0 (A.78)
(2-2) k < M+ < M 
f(M ; t)  f(M+; t)  dD(t)
dt
fM   M+g  0 (A.79)
(2-1)?(2-2)????????????RH??????
f(M ; t)  f(M+; t)  dD(t)
dt
fM   M+g = 0 (A.80)
(2-3) M+ < k < M 
f(M ; t) + f(M+; t)  2f(k; t)  dD(t)
dt





(M+   k)  f(M+; t)  f(k; t)
dD(t)
dt
(M    k)  f(M ; t)  f(k; t)
(A.82)
?????????????????









????Oleinik??????????????????? f(k; t)? k (M  < k < M+
???M+ < k < M )???????????(A.83)??????M  > M+?????
?????????? shock?????????????????M  < M+?????
??????????????????
f(k; t)? k (M  < k < M+ ???M+ < k < M )???????????????
(A.83)??????M  < M+???????????????M  > M+??????
?????????????????????????????????????????
??????????????????????????






 fM(M ; t) (A.84)
?????? k &M+???? (A.83)?






fM(M+; t)  dD(t)
dt
 fM(M ; t) (A.86)
?????????? Lax????????????????f(k; t)?????????





















????????????????? t???????????????? f(x; t)? x
????
@+x f(x; t) := lim
y&x
f(x; t)  f(y; t)
x  y (B.1)
???????????? f(x; t)? x????
@ x f(x) := lim
y%x




D+x u(x; t) :=
(
p 2 R ; lim sup
y!x
u(y; t)  u(x; t)  p  (y   x)





p 2 R ; @
+
x u(x; t)  p (for x < y)




p 2 R ; @+x u(x; t)  p  @ x u(x; t) ( for @+x u(x; t)  @ x u(x; t) )





D x u(x; t) :=
(
p 2 R ; lim inf
y!x
u(y; t)  u(x; t)  p  (y   x)





p 2 R ;
p  @+x u(x; t) (for x < y)




p 2 R ; @ x u(x; t)  p  @+x u(x; t) ( for @ x u(x; t)  @+x u(x; t) )
; ( for @ x u(x; t) > @+x u(x; t) )
)
(B.4)
?????????????? (B.3)?? (B.4)????? :=??u(x; t)? (x; t)? x?
????????@ x u(x; t); @+x u(x; t)????????????????????????
u(x; t)? (x; t)? x????????????@ x u(x; t) = @+x u(x; t) = ux(x; t)?????
D+x u(x; t) = D
 
x u(x; t) = ux(x; t)????
???????????????????????????8>>>>>>>><>>>>>>>>:
(a) ???
p 2 D+x u(x; t)
m
? (x; t)? S(x; t)  '(x; t)????????'(x; t) 2 C1(R (0;1))
?????'x(x; t) = p8>>>>>>>><>>>>>>>>:
(b) ???
p 2 D x u(x; t)
m
? (x; t)? S(x; t)  (x; t)????????(x; t) 2 C1(R (0;1))
?????x(x; t) = p
??????????????????????????????
(i) S(x; t)????????
't(x; t) +H(x; p
; t)  0 8x 2 R; 8p 2 D+x S(x; t) (B.5)
(ii) S(x; t)????????
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t(x;t) +H(x; p; t)  0 8x 2 R; 8p 2 D x S(x; t) (B.6)
??? (i)(ii)???? S(x; t)????????





x; t; S(x; t); p; St(x; t)





x; t; S(x; t); p; St(x; t)

 0 8x 2 R; 8p 2 D x S(x; t) (B.8)
??? (i)(ii)???? S(x; t)????????
???????????????????????????????????????
???????????????????????? 1  3??????
1. ??????????????????????????????? xs??????
2. ???? @+x S(xs; t)? @ x S(xs; t)??????@+x S(xs; t) > @ x S(xs; t)????????
?????@+x S(xs; t) < @ x S(xs; t)?????????????????????????
????????????????????????????????????????
???????????????????????
3. ????????????????????????? p 2 Dx S(xs; t)???????






Eikonal?????F (x; t; S; Sx; St) = jSxj   1???????????
jSx(x)j   1 = 0 (B.9)


















1. xs = 0
2. @+x S(0) > @
 
x S(0), ???????? D+x S(0) = ;??????????????




1. xs = 0
2. @+x S(0) < @
 
x S(0), ???????? D x S(0) = ;??????????????
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F (x; t; S; Sx; S

t ) = S

xx(x) ( > 0) (B.10)
????Eikonal???????????????
jSx(x)j   1 = Sxx(x) (B.11)









Sx(x0) = 0?????Sx(x0)  0?????? x0?????? (B.11)????
jSx(x0)j   1 =  1 (B.13)
???????




Sx(x0) = 0?????Sx(x0)  0?????? x0?????? (B.11)????
jSx(x0)j   1 =  1 (B.15)
???????











)g (x 2 [0; 1])














????????????????????? F (x; t; S; Sx; St) =  jSxj+ 1????
 jSx(x)j+ 1 = 0 (B.19)
??????????????????????????? Eikonal????
  jSx(x)j+ 1 = Sxx(x)
, jSx(x)j   1 =  Sxx(x)
(B.20)
???????????????????? S(x) =  jSxj+ 1????? Sx(x0) = 0??
???Sx(x0)  0?????? x0?????? (B.19)????
jSx(x0)j   1 =  1 (B.21)
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???????




S(x) = jxj   1 (B.23)
????











(0 < s < t)









ds L(x(s); (s); s) + S0(x(0)); (B.26)
????


















ds L(x(s); (s); s) + S(x(t  h); t  h)

(B.28)
??? h??0 < h  t????????????? 1 ??? 2? ??????????
????
?? 1





(0 < s < t)
x1(t) = x
(B.29)
????????????? [0; t  h]????????????
B := f : [0; t  h]! Ag (B.30)
???????????









ds L(x?(s); ?(s); s) + S0(x
?(0))
(B.31)
??????????  > 0????????????????????? 2() 2 B?
???
S(x1(t  h); t  h) +  
Z t h
0






(0 < s < t  h)
x2(t  h) = x1(t  h)
(B.33)
??????
??????? 3() 2 A?
3(s) :=
(
1(s) (t  h  s  t)














x1(s) (t  h  s  t)
x2(s) (0  s  t  h)
(B.36)
??????????????????








ds L(x1(s); 1(s); s) +
Z t h
0




ds L(x1(s); 1(s); s) + S(x1(t  h); t  h) + 
(B.37)
????????????? (B.32)????????? 1() 2 A???????









?? 1????????????  > 0?????????????????????
4() 2 A????
S(x; t) +  
Z t
0












S(x4(t  h); t  h) 
Z t h
0
ds L(x4(s); 4(s); s) + S0(x4(0)) (B.41)
???
S(x; t) +  
Z t
0




ds L(x4(s); 4(s); s) +
Z t h
0




ds L(x4(s); 4(s); s) + S(x4(t  h); t  h)
(B.42)
????????








?? 1??? 2?? & 0??????????????











St(x; t) +H(x; Sx; t) = 0
H(x; Sx; t) := max
a2A
[G(x; a)  Sx   L(x; a; t)]
















S(x; t)   '(x; t)?? (xM; tM)????????????????? '(x; t) 2 C1(R 
(0;1))???????????
????
't(xM; tM) + max
a2A
[G(xM; a)  Sx(xM; tM)  L(xM; a; tM)]  0 (B.47)
?????????????
???????????? a 2 A?  > 0???????????
't(x; t) +G(x; a)  Sx(x; t)  L(x; a; t)   > 0 (B.48)
?? (x; t)? (xM; tM)?????
jx  xMj+ jt  tMj <  ( > 0) (B.49)
?????S(x; t) '(x; t)?? (xM; tM)?????????? (B.49 )???? (x; t)??
??
S(xM; tM)  '(xM; tM)  S(x; t)  '(x; t) (B.50)
??????










h (0 < h < )??tM   h  s  tM???????? x(s)? jx(s)  xMj < ?????
?????? (B.48)??
't(x(s); s) +G(x(s); a)  Sx(x(s); s)  L(x(s); a; s)   (tM   h  s  tM) (B.52)
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?????????? (B.50)? (x; t) = (xM; tM)??????

































ds L(x(s); a; s)  S(x(tM   h); tM   h)  S(xM; tM) (B.55)
????




ds L(x(s); a; s)   
Z tM
tM h








ds [ 't(x(s); s) +G(x(s); a)  'x(x(s); s)  L(x(s); a; s) ]  h (B.57)
????????????????????????????????????????
???
't(x; t) +G(x; a)  Sx(x; t)  L(x; a; t)  0 (B.58)
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??????????
't(x; t) + max
a2A
[ G(x; a)  Sx(x; t)  L(x; a; t) ]  0 (B.59)
????????(x; t) = (xM; tM)?????????????????
't(xM; tM) + max
a2A














e 2t +M2   2pe 2t +M2 +    e 2t  M2 + 2i
f 3DM (M ; t) =  
 





???????? x(0) = x0; V0(x0) := V (x0; 0) = 22gx02; M0(x0) = M(x0; 0) = 42gx0
??????????? (6.5)????8>>>>>>><>>>>>>>:
x(t) = x0 +
Z t
0
ds fM(M0; s) =: x0 + I(t;M0)
M(t) = M(0) = M0 = 4
2gx0
V (t) = V0 +
Z t
0




(a) 2  M02  e 2t
(b) e 2t < 2  M02  1







































































e 2s +M02   2
p
e 2s +M02 + 
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